The formation of accretions or clogging of tundish nozzles in the continuous casting of steel is detrimental both to caster productivity and to eventual inclusion content of the final product. The cause of the clogging is related to a combination of operating criteria including ladle slag practice, tundish refractory, deoxidation methodology and temperature. To assess the effect of various slag components on clogging a mineralogical and rheological study was conducted on both plant and simulated accretion material.
INTRODUCTION
The clogging of nozzles, both from ladle to tundish and from tundish to caster, has long been problematic 
MATERIALS AND METHODS

Plant Scale Slag Sampling
Laboratory Slag Preparation
Based on the analyses of the industrial slags (Table 1) Table 2 presents a summary of the slags; selected tundish blends based on the CAS system /ll/ are also included in the table for comparison purposes. The mixtures for the present work were chosen to be a best compromise between industrial reality and a blend that was liquid at 1873K. All mixtures were dried (723K, 24h), mixed in a ball mill for lh with 10 drops of a 50/50 mixture of acetic acid and methanol to avoid agglomeration and pressed (133 MPa, 2 min.) using a Loomis cold isostatic press. To examine crucible/melt reactivity, small test samples (10g) were placed in AI2O3, MgO and Zr0 2 crucibles as appropriate, heated to 1873K for lh and sectioned.
Slag Rheology
To assess the rheological behaviour of each melt a 50g sample of each slag was added to a 50cc working crucible and placed in a Lucifer Melt Master elevator furnace. The experimental process followed has been described elsewhere 111. Briefly, the heating profile consisted of lh to 1873K; 0.2h at temperature, during which time a spindle was immersed and equilibrated;
and 0.5h controlled cooling to 1473K. 
Mineralogical Characterisation
To provide an estimate of potential for clogging to occur, the mineralogy for each slag given in Tables 1   and 2 
RESULTS
Mineralogical (ΕΡΜΑ) ConsiderationsIndustrial Slags
The ΕΡΜΑ analyses for representative samples of ladle and tundish slags are given in Table 3 . Suggested mineralogy and approximate melting points drawn from Reference /13/ are also included. Of particular note is the presence of hibonite and larnite in the ladle slag versus the almost completely amorphous nature of the tundish slag, other than minor occurances of a family of 
Mineralogical (ΕΡΜΑ) Considerations-' Industrial Tundish Nozzles/Plates
The ΕΡΜΑ analyses for representative gating systems removed from service are given in Table 4 . Included are suggested minerals found at the zirconia plate/slag/metal working interface for the present work as well as selected data taken from previous work where both zirconia and alumina were in contact with slag/metal as part of a three-plate gating system /ll,12/. Of note is the glassy nature of the Mn-based slag and absence of refractory minerals for the zirconia plate in the present work versus the minor presence of aluminabased refractory minerals for zirconia in the previous work cited /12/. Also, whereas the zirconia liner/plates were not clogged, significant alumina-based accretions were found in the alumina plates /12/. Again, approximate melting temperatures are drawn from Reference /13/.
Mineralogical (ΕΡΜΑ) ConsiderationsLaboratory Slags
The ΕΡΜΑ analyses for laboratory ladle and tundish slags given in Table 2 for the present work are presented in Table 5 . Ladle melts were contained in alumina crucibles whereas tundish slags were liquefied in both magnesia and zirconia crucibles. The identifying labels Table 5 EPMA/mineralogical analyses for laboratory ladle and tundish slags (mass%). in Table 5 refer to locations where the analyses were taken. These are given in Figure 1 for a ladle melt/alumina crucible; Figure 2 , tundish melt/magnesia 
SLAG
ΕΡΜΑ analyses for crucible (A) and slag (B-D)
are given in Table 5 . 
ΕΡΜΑ analyses for crucible (E) and slag (F,G)
are given in Table 5 .
Rheological Considerations-Laboratory Slags
Results for rheological testing of the laboratory ladle and tundish slags are given in Figures 4,5 (ladle) and 6,7 (tundish). In all cases plots of increase in apparent viscosity on cooling are given and represent data taken from two replicate experiments. The log viscosity vs reciprocal temperature plots in Figures 5 and 7 were included as an attempt to assess the presence/absence of a gel or crystallisation temperature for each slag. For the ladle slag this is estimated to be 1625 Κ whereas the tundish slag did not exhibit any obvious fixed gel point. Table 5 .
presence of the low melting point mineral gehlenite in the ladle slag along with a low melting point glass. In contrast the tundish slags were glassy, with presence of any mineralisation being beyond the resolution of the instrument.
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DISCUSSION
The major mineralisation reported for the experimental ladle slags, present work, (Table 5) included gehlenite along with two glasses. Of these, the gehlenite would be expected to crystallise at about Table 5 ). Therefore the gel point noted from the rheological test work for this slag (~1673K, Figure 5 ) is reasonable based on the solidification points for the components found. Interestingly this slag composition has been reported to lead to good castability /14/, with small aluminum addition and "modest" Ca treatment. It is important to note that whereas the experimental slag did not contain alumina as prepared, the melt was held in an alumina crucible, thereby providing a source for the alumina noted.
Perhaps equally important for this experimental slag is the presence of a defined solidification temperature.
Although well below ladle temperatures this would have the potential to create operation difficulties should there be a stoppage or severe slowdown in the sequence of a heat of steel from ladle, through tundish to caster, such as that caused by clogging.
For the industrial melts given in Table 3 Therefore it is suggested that this composition of ladle slag should not lead to formation of accretions or clogging.
In contrast, the experimental tundish slags were generally amorphous, both from lack of defined mineral occurrences ( Finally, the presence of the refractory minerals larnite and hibonite in the industrial ladle slags poses a concern regarding slag carry-over, ladle to tundish.
Although these minerals were not found in the tundish slag in the present work they were present in the previous work cited /ll/. As seen in Table 1 
